Cylindrospermopsin (CYN) is an alkaloid commonly produced by some cyanobacteria that has been implicated in outbreaks of human illness. The aim of this study was to investigate the genotoxicity of 
INTRODUCTION
High densities of toxic cyanobacteria in natural waters that are used for drinking or for recreational purposes may present serious risks to human health (Chorus ) . Due to its high water solubility and low rate of bio and photodegradation, significant amounts of CYN can likely be found in the water column (Wormer et al. , ) . a). Among cyanotoxins, chlorine effectively removes microcystin, nodularin, saxitoxins, and CYN (Merel et al. b) . However, characterization of the by-products of chlorination, which may also be toxic, has been limited (Svrcek & Smith ) . Chlorine has been shown to provide significant CYN transformation. In one study, by-products such as 5-chloro-cylindrospermopsin and cylindrospermopsic acid were identified (Rodriguez et al. a) . In another report, Merel et al. (a) indicated the formation of a third, unidentified cylindrospermopsin by-product.
It is important to consider that, at the final step of the disinfection process, it is still possible to find remaining cells of cyanobacteria in the water. Certainly, with the action of chlorine those would be lysed and would release the cellular content which may include cyanotoxin(s). In this context, the main objective of this study was to investigate genotoxicity effects of treated water contaminated with C. raciborskii (CYN producer) cellular contents and its byproducts (potential total trihalomethanes -THMs) originating from chlorination, in a murine model in vivo.
MATERIAL AND METHODS

Treated water sampling
Treated water samples were collected at a rate of 50 mL per hour to generate final integrated samples of drinking water The final CYN concentration, either in treated water with CYP-011 K extract and/or in diluted CYP-011 K extract, was the equivalent to a cell density of 10 6 cell.mL -1 (maximum bloom in field conditions).
The treated water from the Boa Esperança water plant was also previously analysed for the presence of CYN, and the results indicated that the CYN concentration was below the limit of detection (0.3 ng.mL
). This result suggested that CYN was absent mainly because there were no potential CYN-producing cyanobacterial species in the water body and consequently there were not CYN byproducts generated by chlorination in the water samples.
Chemical analyses
To determine the CYN concentration in the treatment sol- For the chromatography analysis, a Kinetex 2.6 μm 100A
C18 column was used. The mobile phase was isocratic conditions using 60% of ammonium acetate (2 mM þ0.1% The CYN concentrations in the final extract of CYP-011 K and in the treatments were determined by LC/MS/ MS, as described below.
Animals and treatments
In total, 20 male, 6-week-old Swiss mice were used in this study. The mice weighed 32.76 ± 2.65 g and were provided
by the Oswaldo Cruz Foundation (Rio de Janeiro, Brazil).
The animals were kept in plastic cages for 1 week before the experiments started and had free access to tap water and a rodent pellet diet. The animals were maintained under a 12 h light/dark cycle at a constant temperature of 25 ± 2 W C and a relative humidity of approximately 60%. at 36 W C. The mixture was added to a microscope slide that was pre-coated with 1.5% (w/v) normal melting point agarose and covered with a cover slip.
The slides were immersed overnight at 4 W C in the dark in a lysis solution (2.5 M NaCl, 100 mM EDTA, and 10 mM Tris buffer, pH 10.0-10.5) containing freshly added 1%
Triton X-100 (Sigma-Aldrich) and 10% dimethyl sulphoxide (DMSO). After washing, the slides were placed in a horizontal gel electrophoresis chamber in an alkaline buffer (300 mM NaOH and 1 mM EDTA, pH >13) for 20 min for DNA unwinding. Electrophoresis was performed for 15 min at 300 mA and 25 V (0.7 V/cm). All of these steps occurred under indirect light to prevent additional DNA damage.
The slides were neutralised in 400 mM Tris buffer (pH 7.5), fixed (15% w/v trichloroacetic acid, 5% w/v zinc sulphate, 5% glycerol), washed and air-dried overnight.
After rehydration, the gels were stained for 15 min ( 
Micronucleus test
The MN test was also performed to verify DNA damage, but in this study, this assay was used as an indirect measure of structural or numerical chromosomal aberration induction.
The assay was performed according to the US Environmental Protection Agency Gene -Tox Program (Mavournin et al.
) and recommendations from Hayashi et al. ().
Immediately following sacrifice, two whole blood smears per animal were taken and prepared on slides. The slides were stained with 5% Giemsa, air-dried and coded for blind analysis. To avoid false negative results and as a measure of toxicity, the ratio of polychromatic erythrocytes: normochromatic erythrocytes (PCE/NCE) was scored in 1,000 cells. The incidence of MN was observed in 2,000 cells for each animal (i.e. 1,000 from each slide) by bright-field optical microscopy at a magnification of ×200-1,000.
Data analysis
The results are expressed as the means ± standard deviation.
Significant statistical differences (P < 0.05) between the six groups were determined by one-way analysis of variance (ANOVA, Tukey's test).
RESULTS
The levels of total THMs were below the guideline values of Table 3 shows the results of the MN test. The erythrocytes of mice exposed to CYP-O11 K extract exhibit significant increase in MN when compared with the control and chlorine-treated water groups, except to the group that received only the NPLP extract. In addition, the group treated with water plus CYP-O11 K extract showed increases in MN when compared to the control. There was no significant difference in the PCE/NCE ratios (no toxicity).
DISCUSSION
In Brazil, the conventional water treatment process consists of coagulation, flocculation, sedimentation, filtration, and a Data significant relative to the negative control group at P < 0.05. b At P < 0.001.
c Data significant relative to the treated water group at P < 0.05.
e Data significant relative to the CYP-O11 K extract (CYN producer) group at P < 0.05. f Data significant relative to the NPLP extract (CYN non-producer) and treated water plus NPLP extract groups at P < 0.05 (ANOVA; Tukey's Test). 100 cells/animal.
disinfection. Chorus & Bartram () recommend that the best treatment process for removal of CYN would include this conventional treatment followed by an oxidation step.
Chlorination is a common drinking water disinfection process (Merel et al. b) .
It is important to understand the processes by which CYN may be removed from water because, compared to other cyanotoxins in C. raciborskii blooms, CYN may be dissolved in the water column at higher concentrations 
CONCLUSIONS
The results obtained in this study confirm that CYN, originating from lysed cells at the density of 10 6 cell.mL -1
(bloom density), was not completely destroyed by free chlorine at the concentration normally found at the final step of disinfection after the breaking point in water treatment processes (0.5 mg.L -1 ). Therefore, in our simulation the treated water to be distributed to population would still be contaminated with that CYN.
The genotoxity and mutagenic effects were observed after a single injection of solutions containing CYN (CYPO-011 K) and CYPO-011 K plus chlorine-treated water (dose below the value of cylindrospermopsin NOAEL established by Humpage & Falconer () ).
The present investigation emphasises the need to improve the monitoring of CYN in water bodies used for public supply in order to reduce the risk of human exposure to this toxin.
